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indicates that the nanoparticles are oriented randomly. Figs.S1(C-E) shows the corresponding dark field images of the particles marked by a, b, c on Fig threshold temperature for phase transition in VO 2 with particle size and during the heating and cooling cycle. From the hysteresis loop profiles, the threshold temperature for phase transition in VO 2 upon heating is almost unchanged for different particle sizes. However, the phase transition upon cooling occurs at lower temperatures with the decrease in particle size. 
Cooling rate of the VO 2 nanocrystals and size dependence
Here we discuss the size dependence of the cooling rate of VO 2 nanocrystals as caused by the heat transfer from the VO 2 grain to the graphene substrate and the underneath copper wire grids in the UEM experiments. Because of the thermal conductivity of either grapheme or copper is several orders of magnitude higher than that of VO 2 , one can simply assumes that the graphene substrate is a "perfect" heat sink. The temperature change with time of a given VO 2 grain of the tetragonal phase can be expressed as,
and similarly for the monolithic phase as,
where κ is the thermal conductivity, V is the grain volumn L 3 and A is the contact area which equals to L 2 of the cube-shaped grain. Therefore, according to dimension analysis, the effective cooling rates are given by Eq. (2) indicates that the cooling rate is size dependent and varies for different phases. Even the temperature raised by laser heating is higher for a smaller grain, however, due to its much greater cooling rate, it is faster to be cooled down to reach the recrystallization temperature that represents the phase transition from the tetragonal phase back to the monolithic phase. This result of size-dependent cooling rate is important for the findings reported here.
